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ABSTRACT 

I ,  9-Dithia substituents in dibenzothiophenes are in 
close proximity, being within the van der Waals S-S 
contact distance (3.70 A) [ I] ,  and hence, these two 
sulfur atoms affect each other by strong through-space 
interaction. Cyclic and acyclic dibenzothiophene de- 
rivatives bearing two sulfur atoms at the 1,9-positions, 
such as dibenzothiophene[l,9-fgh][l,5]dithionin (5 )  
and I ,  9-bis(methylthio)dibenzothiophene (1 a) and 
their monosulfoxides 2a and 6 were treated with concd 
sulfuric acid as an oxidizing or deoxygenating reagent 
to produce the corresponding dithia dications 7 and 
3a. The dithia dications 3a and 7 in concd sulfuric 
acid gave the monosulfoxides upon treatment with 
water. On the other hand, a rapid monodealkylation 
reaction proceeded in the case of 1,9-bis(ethyb 
thi0)dibenzothiophene (1 b) and I ,  9-bis(isopro- 
py1thio)dibenzothiophene (lc) and their monosulfox- 
ides, on dissolution in concd sulfuric acid, afforded 
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high yields of the sequentially dimerized disulfides 4b 
and 4c after treatment with water. The structure of the 
dimerized disulfide 4c was determined by X-ray crys- 
tallographic analysis, and the following results were 
obtained: orthorhombic, P2,2,2,, a = 10.892(1) A, b 
= 11.284(2) A, c = 22.719(3) A, V = 2792.1(5) A3, Z 
= 4, p = 1.377g/cm3, p(A4oKa) = 5.09 cm-I, R = 
0.030 (Rw = 0.030). In this structure, the four sulfur 
atoms attached at the I ,  9- and 1 ', 9'-positions of com- 
pound 4c are located in an approximately linear ar- 
rangement, and the two dibenzothiophene rings are 
separated by an average intraplanar ring distance of 
3.58(8) A. Furthermore, thermolysis and photolysis of 
compounds la-c were performed, and their reactivi- 
ties were compared. 0 1996 John Wiley &I Sons, Inc. 

INTRODUCTION 
Several dithia and diselena dication salts derived 
from 1,5-dithia cyclooctane and 1,5-diselena cy- 
clooctane have been isolated in stable crystalline 
forms, and their structures were determined by X- 
ray crystallographic analysis [21. Recently, we have 
reported that the acyclic dithia and diselena dica- 
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tions derived from 1,9-bis(phenylthio)dibenzo- 
thiophene, 1,9-bis(phenylseleno)dibenzothiophene, 
and 1 -(phenylsulfinyl)-9-(phenylthio)dibenzo- 
thiophene were generated in concd sulfuric acid and 
then reacted with water to produce the correspond- 
ing sulfoxides and selenoxide in high yields [3]. Fur- 
thermore, the magnitude of the through-space inter- 
action between the two sulfur or selenium atoms 
of 1,9-bis(phenylchalcogeno)dibenzochalcogenO- 
phenes influences their photolytic reactivities [4]. 
However, the stability of dications is influenced by 
the two alkyl substituents attached to the sulfur at- 
oms in the 1,9-positions. For instance, the dithia di- 
cations 3a and 7 could be observed by 'H-NMR spec- 
troscopy in concd sulfuric acid-d,, as generated from 
1,9-bi~(methylthio)dibenzothiophene ( 1 a), dibenzo- 
thiophene[ 1,9-fgh][ 1,5]dithionin (S ) ,  and their 
monosulfoxides l-(methylsulfinyl)-9-(methylthio)- 
dibenzothiophene (2a) and dibenzothio- 
phene[ 1,9-fgh][ 1,5]dithionin 1-oxide (6) .  However, 
1,9-bis(ethylthio)dibenzothiophene (lb), 1,9-bis- 
(isopropy1thio)dibenzothiophene (lc), and their 
monosulfoxides 1 -( ethylsulfiny1)-9-( ethyl- 
thi0)dibenzothiophene (2b) and 1 -(isopropylsulf- 
inyl)-9-(isopropylthio)dibenzothiophene (2c) were 
too unstable in concd sulfuric acid-d, to allow the 
detection of the corresponding dithia dications by 
'H-NMR spectroscopy. On the other hand, com- 
pounds lb, lc, 2b, and 2c were observed by 'H-NMR 
spectroscopy to produce monodealkylated 
compounds in concd sulfuric acid-d,, and their so- 
lutions, when treated with water, gave the mono- 
dealkylated and the further dimerized disulfides 4b 
and 4c, respectively. Furthermore, different reactiv- 
ities of compounds la-c were exhibited in their ther- 
molysis and photolysis reactions. This article reports 
the formation of cyclic and acyclic dithia dications 
by treating the compounds, la and 5 ,  and their mon- 
osulfoxides, 2a and 6,  with concd sulfuric acid, and 
the monodealkylation reaction of compounds lb, lc, 
2b, and 2c under identical conditions. The structure 
of the dimerized disulfide 4c is reported on the basis 
of X-ray crystallographic analysis results. Further- 
more, the relation between the thermal and photo- 
lytic reactivities of compounds la-c and the stabili- 
ties of the respective dithia dications in concd 
sulfuric acid is also reported. 

RESULTS AND DISCUSSION 
Preparation and Determination of Dithia 
Dications 
In order to determine the through-space interaction 
between the two sulfur atoms of 1,9-bis(alkyl- 

thi0)dibenzothiophene derivatives, the formation of 
dithia dications was examined by treating the com- 
pounds la-c and 5 and their monosulfoxides 2a-c 
and 6 with concd sulfuric acid, and their detection 
was carried out by 'H-NMR measurements. When 
the 'H-NMR spectrum of monosulfoxide 2a was 
measured in concd sulfuric acid-d,, the signal due to 
the methyl group was observed as only a singlet at 6 
3.04, while, in chloroform-d, two singlets appeared 
at 6 2.33 and 6 2.80. The compound 2a was treated 
with concd sulfuric acid for 1 hour and subsequently 
with water to produce the starting sulfoxide 2a in 
9 1% yield, together with the monodemethylated and 
further dimerized disulfide 4a (4%) and a trace 
amount of the thieno[2,3,4,5-Imn][9,1O]dithia- 
phenanthrene (8) [6 ] ,  revealing that the dithia dica- 
tion 3a was produced by the protonation and deox- 
ygenation of the sulfoxide oxygen (Scheme 1) [3]. 
Similarly, the methyl group of compound la was 
found by 'H-NMR spectroscopy to give a downfield 
singlet at 6 3.04 in concd sulfuric acid-d,. Hence, at 
least one of the sulfur atoms at the 1,9-positions of 
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SCHEME 1 a: R = Me; b: R = Et; c R = CPr 
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compound l a  was oxidized by sulfuric acid. When 
compound l a  was treated with concd sulfuric acid 
for 5 minutes and then with water, the sulfoxide 2a 
was obtained in 53% yield, together with the dimer- 
ized disulfide 4a in 34% yield. These results are sum- 
marized in Table 1. 

The compounds l b  and l c  and their monosul- 
foxides 2b and 2c were unstable in concd sulfuric 
acid-d,, and their dithia dications therefore could 
not be detected at all by 'H-NMR spectroscopy. On 
the other hand, each of the sulfoxides 2b and 2c was 
found by 'H-NMR spectroscopy to produce the mon- 
odealkylated compounds in concd sulfuric acid-d,, 
and the respective compounds gradually decom- 
posed in solution. Therefore, compounds 2b and 2c 
were dissolved in concd sulfuric acid, and then the 
solutions were treated with water to give the mono- 
dealkylated and further dimerized disulfides 4b and 
4c in 60% and 54% yields, respectively, together with 
compound 8 in 16% and 20% yields. The 'H-NMR 
spectra of compounds l b  and l c  in concd sulfuric 
acid were found to be similar to those of compounds 
2b and 2c. The compounds l b  and l c  were treated 
with concd sulfuric acid for 5 minutes and then with 
water. After the usual workup and separation of the 
products, the monodealkylated and dimerized disul- 
fides 4b and 4c were obtained as the major products 
in 82% and 84% yields, respectively. However, both 
the dithia dications and the monodealkylated prod- 
ucts of 1,9-bis(methylthio)dibenzofuran (Id), 1 - 
(methylsulfinyl)-9-(methylthio)dibenzofuran (2d), 1 - 
(methy1thio)dibenzothiophene [4], and 2,8-bis- 
(methy1thio)dibenzothiophene [4] were not ob- 
served by 'H-NMR spectroscopy in concd sulfuric 
acidd,. In addition, these compounds gave a com- 
plex mixture when treated with concd sulfuric acid 
and then water. It has been reported that the diben- 
zofuran ring of 1,9-bis(phenylthio)dibenzofuran is 
almost planar, and hence, the through-space inter- 
action between the two sulfur atoms at the 1,9-p0- 
sitions is relatively weak compared with that found 
in 1,9-bi~(phenylthio)dibenzothiophene and 1,9- 

TABLE 1 
Acid 

Reaction of Compounds 2 with Concd Sulfuric 

R X  Product ("A) 

l a  Me S 2a 53 4a 32 8 - 
l b  Et S 2b - 4b 82 8 - 
l c  i-Pr S 2c - 4~ a4 8 - 
2a Me SO 2a 91 4a 4 8 trace 
2b Et SO 2b - 4b 60 8 16 
2c i-Pr SO 2c - 4c 54 8 20 

bis(pheny1thio)dibenzoselenophene [3]. These re- 
sults suggest that a strong through-space interaction 
between the two sulfur atoms is necessary for the 
stabilization of the dithia dications and monodeal- 
kylated intermediates 9. 

In contrast, compound 5 was obtained in 81% 
yield from compound 8 after treatment with ami- 
nomethanesulfinic acid and 1,3-dibrornopropane in 
tetrahydrofuran. Subsequently, compound 5 was ox- 
idized with one equivalent of m-chloroperbenzoic 
acid (mCPBA) to produce compound 6 in 95% yield. 
Interestingly, when compounds 5 and 6 ,  respectively, 
were dissolved in concd sulfuric acid-d, in the iden- 
tical manner described earlier, the 'H and I3C-NMR 
spectra of these compounds were found to be iden- 
tical. Furthermore, when compounds 5 and 6,  dis- 
solved in concd sulfuric acid, were treated with wa- 
ter, the monosulfoxide 6 was produced as the major 
product in 86% and 74% yields, respectively 
(Scheme 2). This reveals that the dithia dication 7 in 
these solutions is generated differently compared 
with the case of compounds l b  and l c  and that the 
cyclic structure is necessary for the stabilization of 
the dithia dication 7, except for the methylthio de- 
rivative. Furthermore, the dithia dication 7, gener- 
ated in concd sulfuric acid, gradually decomposed 
within a few hours, and the treatment of the solution 
with water gave an insoluble material. 

As shown in Scheme 1, the dimerized disulfides 
4a-c are produced via S-C bond cleavage between a 
sulfur atom and an alkyl substituent in each of the 
sulfides la-c and their monosulfoxides 2a-c and re- 
sult from the sequential dimerization reaction of the 
monodealkylated intermediates 9. The demethyla- 
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7 
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S 
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tion reaction of compounds la and 2a should pro- 
ceed by an initial formation of dithia dication 3a 
from either a homolytic cleavage of the S-C bond at 
the methylthio group or from a nucleophilic substi- 
tution reaction at the methyl carbon atom upon 
treatment with water or sulfuric acid. Meanwhile, 
the monodealkylation of compounds l b  and l c  and 
their monosulfoxides 2b and 2c may also proceed via 
the corresponding dithia dications, 3b and 3c, which 
could not be detected by 'H-NMR spectroscopy in 
concd sulfuric acid-d,, because the dealkylation re- 
action was observed for compounds lb, lc, 2b, and 
2c under similar conditions (Scheme 1). Since 'H- 
NMR spectra in concd sulfuric acid-d, showed that 
compounds lb, lc, 2b, and 2c formed monodealky- 
lated intermediates 9 and that their solutions, when 
treated with water, produced the dimerized disul- 
fides 4b and 4c, then it follows that the dealkylation 
and dimerization reactions of compounds la-c and 
2a-c should proceed via dithia dications 3b, 3c, and 
the thiasulfonium-like intermediate 9, which reduc- 
tively dimerizes to produce disulfides 4a-c. It has 
been known that the NMR spectrum is influenced by 
a magnetic moment of a radical or a cation radical 
that gives broad signals in the NMR spectrum. Since 
the intermediates 9 were observed by 'H-NMR spec- 
troscopy, these dealkylation reactions may proceed 
via the nucleophilic reaction as previously described 
(Scheme 1). 

Themzolysis and Photolysis of Compounds la-c 
The photolytic desulfurization reactions of 1,9- 
bis(pheny1thio)dibenzochalcogenophenes are influ- 
enced by a repulsive force between the two sulfur 
atoms at the 1,9-positions and are related to the sta- 
bilities of the dithia dications [3]. Following the ther- 
molysis of compound l c  at 400°C for 15 minutes, the 
desulfurized and cyclized product, 9,9-dimethyl-9H- 
thieno[2,3,4,5-Imn][ 9lthiaphenanthrene ( 1 Oc), was 
obtained in 87% yield (Scheme 3). However, after 
similar thermolyses of la (90 minutes) and l b  (60 
minutes), 9H-thieno[2,3,4,5-Imn][9]thiaphenan- 

l a  : R=Me : 90 min 10a: R,=R,=H : 26% 
l b :  R=Et : 60 min lob: R,=H, R2=Me : 57% 
l c  : R=i-Pr: 15 min 1Oc: R1=R2=Me : 87% 

SCHEME 3 

threne (10a) and 9-methyl-9H-thieno[2,3,4,5- 
Zmn][9]thiaphenanthrene (lob), respectively, were 
produced in only 26% and 57% yields. On the pho- 
tolysis of compounds l b  and l c  with a 400 W high- 
pressure mercury lamp in benzene for 12 hours, the 
S-C bond cleavage reactions proceeded mainly be- 
tween sulfur and the alkyl groups to produce the di- 
merized disulfides 4b and 4c, respectively, in 17% 
and 45% yields. However, only a low photochemical 
reactivity was observed for compound la as com- 
pared with l b  and lc. In the photolysis of la, the S- 
C bond fission between sulfur and the methyl group 
proceeded slowly to give the dimerized disulfides 4a 
in 1% yield, together with recovery of the starting la 
(69%) [4]. Meanwhile, the photolysis of l-(isopro- 
py1thio)dibenzothiophene (1 lc), 1 -(phenylthio)- 
dibenzothiophene, and 2&bis(phenylthio)- 
dibenzothiophene did not proceed under similar 
conditions, and the starting compounds were recov- 
ered quantitatively. These results suggest that the 
stabilities of the dithia dications and the photolytic 
and the thermolytic reactivities are all influenced by 
the strength of the S-C bonds between the alkyl sub- 
stituents and the respective sulfur atoms. The pho- 
tolytic and thermolytic reactivities of compounds 
la-c decreased in the order l c  > l b  > la. 

X-ray Cvystallographic Analysis of Compound 
4c 

The only structure that could be determined by sin- 
gle-crystal X-ray crystallographic analysis was 4c, 
since compounds 4a and 4b did not give suitable 
crystalline forms necessary for X-ray analysis. Com- 
pound 4c crystallized in the orthorhombic system 
with the cell parameters and calculated cell volume, 
u = 10.892(1) A, b = 11.284(2) A, c = 22.719(3) A, 
and V = 2792.1(5) A3. The calculated density is 1.377 
g/cm3 for Z = 4, and the formular weight is 578.90. 
The space group was determined to be P2,2,2, from 
the systematic absences: h, 0,O: h = 2n; 0, k, 0: k = 
2n; 0, 0, I: I = 2n. The linear absorption coefficient 
is 5.09 cm- for MoKa,,, radiation. The structure was 
solved by the direct method. The 2690 reflections 
having intensities greater than 5.0 times their stan- 
dard deviation were used in the refinements. The fi- 
nal cycle of refinement included 403 variable param- 
eters and converged with unweighted and weighted 
agreement factors of R = 0.030 and R, = 0.030, 
respectively. 

The structure exhibits a twofold noncrystallo- 
graphic axis of symmetry: i.e., it is not on a special 
symmetry position. The molecular structure and the 
adopted numbering scheme are illustrated by an OR- 
TEP plot shown in Figure 1. The two dibenzothio- 
phene ring systems of compound 4c are separated 
by an average intraplanar dibenzothiophene dis- 
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FIGURE 1 The ORTEP drawing of compound 4c. 

tance of 3.53(8) A. The dihedral angles between the 
pairs of least-squares planes defined by the carbon 
atoms, C(1) to C(6) and C(7) to C(12), and C(13) to 
C(18) and C(19) to C(24), are 15.3(4)" and 15.1(4)", 
and the torsion angles at C( l)-C(6)-C(7)-C( 12) and 
C(13)-C(lS)-C(19)-C(24) are 22.1(7)0 and 22.5(7)", 
suggesting that these dibenzothiophene rings are 
distorted from the normal planar form [8] by the re- 
pulsion between S(1) and S(3) atoms and S(4) and 
S(6) atoms. The S(3)-S(4) bond connecting the two 
halves of the molecule is 2.089(1) A in length, and 
the torsion angle C( 12)-S(3)-S(4)-C( 13) is 
- 54.5(2)". Interestingly, the two sulfur atoms S( 1) 
and S(6) contact S(3) and S(4), respectively, by dis- 
tances of 2.950(1) A and 2.920(1) A, which are sig- 
nificantly less than the sum of the van der Waals radii 
[l]. Furthermore, the angles at S( 1)-S(3)-S(4) and 
S(3)-S(4)-S(6) positions and torsion angle at S( 1)- 
S(3)-S(4)-S(6) are 161.52(6)", 161.29(6)", and 
178.5( 1)". Though the two sulfur atoms S( 1) and S(6) 
deviate from the line passing through S(3) and S(4) 
by an average angle 18.7( l)", these four sulfur atoms 
should interact strongly in a linear structure. 

Electrochemical Properties and UV Spectra of 
Dibenzothiophenes 
The intensity of electrostatic interaction between 
two heteroatoms can be estimated by measuring 
spectroscopic and physical properties, such as NMR, 
UV, and oxidation potentials. Particularly, the oxi- 
dation potentials and UV absorption maxima can be 
employed for diagnosis of the displacement of elec- 
trons from the heteroatoms in the molecule. To es- 
timate the electronic interaction between the two 
sulfur atoms at the 1,9-positions, the oxidation po- 
tentials and UV spectra of l a 4  and 5 were measured 
and compared with those of the respective mono- 
substituted derivatives 1 la-d. As shown in Table 2, 
compounds la-c have lower oxidation potentials 

and absorb longer wavelength light in UV spectra 
than those of the corresponding monosubstituted 
derivatives 1 la-c and the dibenzofuran derivative 
Id. On the other hand, compound 5, bearing a rigid 
structure as compared with compounds la-d, shows 
a reversible cyclic voltammogram different from 
those of compounds la-d and 11a-d. Hence, the di- 
thia dication 7, generated in concd sulfuric acid, is 
stable in a different manner compared with the cases 
of lb and lc, and the cyclic structure is necessary 
for the stabilization of the dithia dication, except for 
3a. These results suggested that the through-space 
interaction between the two sulfur atoms plays an 
important part during the formation and for the sta- 
bilization of the dithia dications, as well as for pro- 
moting the monodealkylation and the subsequent di- 
merization reactions in sulfuric acid solutions, and 
the proximate effect between the two alkylthio sub- 
stituents is apparently essential for initiation of these 
photolytic and thermolytic reactions. 

CONCLUSIONS 
The stabilities of the dications were found to be in- 
fluenced by the nature of the alkyl substituents at- 
tached to each of the sulfur atoms at the 1,9-posi- 
tions. For instance, dithia dications 3a and 7 
generated from compounds la, 5 ,2a,  and 6 could be 
observed by 'H-NMR spectroscopy in concd sulfuric 
acid-d,. However, compounds lb, lc, 2b, and 2c were 
too unstable in concd sulfuric acid-d, to allow the 
detection of the respective dithia dications by 'H- 
NMR spectroscopy, but when converted to the mon- 
odealkylated intermediate 9, detectable by 'H-NMR 
spectroscopy, which on treatment with water, 
yielded the monodealkylated and the further dimer- 
ized disulfides 4b and 4c. Furthermore, the com- 
pounds la-c exhibited different reactivities when 
undergoing thermolysis and photolysis reactions. 

TABLE 2 Oxidation Potentials (V) and UV Spectra of Sev- 
eral Dibenzochalcogenophenes 

uv 
~~~ 

E P P .  Ana,(nm), (CH,CI*) 

l a  0.76 357 361 
l b  0.68 346 360 
lc 0.70 346 360 
i d  0.94 322 333(sh) 
5 0.46" 348 385 
l l a  1.02 325 338 
l l b  0.95 325 340 
l l c  0.99 326 338 
l i d  1.07 307 31 9 
"Since the cyclic voltammogram was reversible, the oxidation poten- 
tial was shown in &. 
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EXPERIMENTAL SECTION 
General 
The IR spectra were recorded on a JASCO FT/IR- 
5000 spectrometer. The NMR spectra were measured 
on a JEOL JNM-EX270, a Bruker AM-500, and a 
Bruker AC-400 spectrometer. Mass spectra were ob- 
tained with a JEOL JMX SX102 and a Shimadzu QP- 
2000 mass spectrometer. The UV spectra were mea- 
sured with a Hitachi U-3000 spectrometer. The X-ray 
data collection was performed on an Enraf-Nonius 
CAD4 computer-controlled kappa axis diffractome- 
ter (23 ? l"C), and all calculations were performed 
using the teXsan crystallographic software package 
[6]. For determination of the oxidation potential, a 
Hokuto Denko Co. Model HB-104 apparatus was 
used. 

Measurement of Oxidation Potentials 
The oxidation potential of each compound was mea- 
sured by cyclic voltammetry in acetonitrile at 20"C, 
using a Pt electrode, a glassy carbon electrode, and 
Ag/O.Ol M AgNO, as a reference electrode (electro- 
lyte: 0.1 M NaClO,; scan rate: 200 mV/s). 

PREPARATION 
4,6-Bis(ethylthio)thianthrene 5-Oxide 
Thianthrene 5-oxide (5.00 g, 21.5 mmol) dissolved in 
THF (100 mL) was lithiated with 0.473 M LDA (1 50 
mL, 71 mmol) for 3 hours at - 78°C. To this solution, 
elemental sulfur (3.5 g, 108 mmol) was added, and 
the mixture was stirred for 3 hours at - 20°C. Then 
ethyl iodide (14 mL, 172 mmol) was added dropwise, 
and the solution was stirred for 10 hours at 25°C. 
After treatment with water ( 5  mL), the solvent was 
evaporated, and the aqueous solution was extracted 
with CH,Cl, (3 x 200 mL). The extract was washed 
with a saturated solution of Na,S,O,, followed by wa- 
ter, and dried with MgSO,. The residue was purified 
by column chromatography (silica gel, CH,Cl,:ethyl 
acetate = 5: 1) and by recrystallization from ethanol 
to give 4,6-bis(ethylthio)thianthrene 5-oxide (6.0 g, 
80%); mp 133-133.5"C; 'H NMR (270 MHz, CDCl,) 6 
1.38 (t, J = 7.3 Hz, 6H, CH,), 3.08 (q, J = 7.3 Hz, 
4H, CH,), 7.38 (t, J = 7.6 Hz, 2H), 7.43 (dd, J = 7.6, 
1.6 Hz, 2H), 7.58 (dd,J = 7.6, 1.6 Hz, 2H); I3C NMR 
(67 MHz, CDC1,) 6 14.1, 29.5, 126.1, 128.3, 130.7, 
134.7, 136.7, 140.4; IR (KBr) 1031 cm-I; MS (rnlz) 
320 (M+); anal. calcd for C,,H,,OS,: C, 54.51; H, 4.57. 
Found: C, 54.48; H, 4.52. 

4,6-Bis( isopropy1thio)thianthrene 5-Oxide 
Thianthrene 5-oxide (5.00 g, 21.5 mmol, in 80 mL of 
THF) was treated similarly with 0.284 M LDA (250 

mL, 71 mmol), elemental sulfur (8.0 g, 267 mmol), 
and isopropyl iodide (21.5 mL, 215 mmol). After 
identical workup and purification, 4,6- 
bis(isopropy1thio)thianthrene 5-oxide was obtained 
(5.9 g, 72%); mp 115-116°C; 'H NMR (270 MHz, 
CDCl,) 6 1.33 (d, J = 6.7 Hz, 6H, CH,), 1.42 (d, J = 
6.7, 6H, CH,), 3.53 (sept,J = 6.7 Hz, 2H, CH), 7.39 
( t , J  = 7.8 Hz, 2H), 7.53 (dd, J = 7.8, 1.3 Hz, 2H), 
7.65 (dd, J = 7.8, 1.3 Hz, 2H); IR (KBr) 1031 cm-I; 
MS ( rn /z )  380 (M+); anal. calcd for C,,H,,OS,: C, 
56.80; H, 5.30. Found: C, 56.62; H, 5.13. 

I ,  9-Bis(methylthio)dibenzothiophene (la) and 
1,9-Bis(methylthio)dibenzof~iran (Id) 
These compounds were prepared from 4,6-bis(meth- 
y1thio)thianthrene 5-oxide and 1,9-bis(methyl- 
thio)phnoxathiin 1 0-oxide [ 3,5cl. 

1,9-Bis(ethylthio)dibenzothiophene (lb) 
To a THF (300 mL) solution of 1,9-bis(ethyl- 
thio)thianthrene 5-oxide (4.80 g, 13.7 mmol), 1.37 M 
C,H,MgBr/THF (100 mL, 137 mmol) was added 
dropwise. The solution was stirred for 3 hours, an- 
hydrous CuCl, (27.6 g, 206 mmol) added, and then 
the solution was stirred further for 36 hours. The 
solution was treated with water ( 5  mL) and then with 
a saturated NH,Cl solution. After evaporation of the 
solvent, the residue was treated with a 2N NaOH so- 
lution and subsequently extracted with CH,Cl, (3 X 
200 mL). The extract was dried with MgSO,, and 
then the solvent was evaporated. The residue was pu- 
rified by column chromatography (silica gel, CC1,) 
and by recrystallization (n-hexane:cyclohexane = 
1:l) to give lb (3.0 g, 71%); mp 92-92.5"C; 'H NMR 
(270 MHz, CDCl,) 6 0.97 (t, J = 7.4 Hz, 6H), 2.77 (q, 
J = 7.4 Hz, 4H), 7.43 (t, J = 7.9 Hz, 2H), 7.63 (dd,J 
= 7.9, 1.0 Hz, 2H), 7.69 (dd, J = 7.9, 1.0 Hz, 2H); 
13C NMR (67 MHz, CDCl,) 6 14.1, 33.5, 120.3, 126.9, 
129.2, 134.8, 136.6, 140.0; MS (m/z) 304 (M+); anal. 
calcd for C,,H,,S,: C, 63.1 1; H, 5.30. Found: C, 63.28; 
H, 5.25. 

1,9-Bis(isopropylthio)dibenzothiophene (lc) 
1,9-Bis(isopropylthio)thianthrene 5-oxide (3.8 g, 10 
mmol) was treated with 1.0 M C,H,MgBr/THF (100 
mL, 100 mmol) and anhydrous CuCl, (20.2 g, 150 
mmol) similarly as described earlier. After identical 
workup and purification, compound lc  was ob- 
tained (2.5 g, 76%); mp 117-118°C; IH NMR (270 
MHz, CDC1,) 6 0.89 (d, J = 6.5 Hz, 12 H), 3.1 1 (sept, 
J = 6.5 Hz, 2H), 7.44 (t, J = 7.8 Hz, 2H), 7.68 (dd,J 
= 7.8, 1.1 Hz, 2H), 7.72 (dd, J = 7.8, 1.1 Hz, 2H); 



Comparisons of Reactivities in Photolysis and Thermolysis Reactions of 1,9-Bis(aIkylthio)dibenzothiophenes 319 

I3C NMR (67 MHz, CDCl,) 6 22.6, 43.3, 120.7, 126.8, 
130.8, 134.1, 137.7, 139.8; MS (mk)  332 (M+); anal. 
calcd for C,,H,,S,: C, 65.01; H, 6.06. Found: C, 64.67; 
H, 6.03. 

1 -(Isopropylsulfiny1)-9- 
(isopropy1thio)dibenzothiophene (2c) 
To a solution of lc (498 mg, 1.5 mmol) in 100 mL of 
CH,Cl,, mCPBA (370 mg, 1.5 mmol, assay 2 60%) in 
50 mL of CH,Cl, was added gradually for 2 hours at 
- 20°C. The solution was stirred for 1 hour at - 20°C 
and treated with NH, gas. After filtration, the solu- 
tion was evaporated, and the residue was purified by 
column chromatography (silica gel; CH,Cl,:ethyl ac- 
etate = 1:l) to give 2c (343 mg, 66%); mp 107-108°C; 
'H NMR (500 MHz, CDCI,) 6 0.42 (d, J = 6.5 Hz, 3H, 
CH,), 0.82 (d,J  = 6.5 Hz, 3H, CH,), 1.20 (d,J  = 6.5 
Hz, 3H, CH,), 1.38 (d, J = 6.5 Hz, 3H, CH,), 2.86 
(sept, J = 6.5 Hz, lH, CH) 2.96 (sept, J = 6.5 Hz, 
lH, CH), 7.47 ( t , J  = 7.8 Hz, lH), 7.73 ( t ,J  = 7.8 Hz, 
lH), 7.74 (dd,J = 7.8, 1.4 Hz, lH), 7.87 (dd,J = 7.8, 
1.4 Hz, lH), 7.98 (dd,J = 7.8, 1.4 Hz, lH), 8.29 (dd, 
J = 7.8, 1.4 Hz, 1H); IR (KBr) 1046 cm-' (SO);  MS 
(mk)  348 (M+);  anal. calcd for C,,H,,OS,: C, 62.03; 
H, 5.78. Found: C, 61.92; H, 5.76. 

1 -(Me thy 1s u I f ;  ny I )- 9- 
(methy1thio)dibenzothiophene (2a) 
Compound 2a was obtained by the treatment of la 
with mCPBA [3]; 'H NMR (400 MHz, CDC1,) 6 2.33 
(s, 3H), 2.80 (s, 3H), 7.48 (t, J = 7.8 Hz, lH), 7.70 
(dd, J = 7.8, 0.8 Hz, lH), 7.76 (t, J = 7.8 Hz, lH), 
7.81 (dd, J = 7.8, 0.9 Hz, lH), 7.99 (dd,J = 7.8,0.8 
Hz, lH), 8.36 (dd ,J  = 7.8, 0.9 Hz, 1H). 

1 - (Ethylsulfinyl)-9- (ethy1thio)dibenzothiophene 
(2b) 
Compound l b  (304 mg, 1 mmol) was treated with 
mCPBA (276 mg, 1 mmol, assay 2 60%) similarly to 
give 2b (292 mg, 91%); mp 47.548"C; 'H NMR (400 
MHz, CDCl,) 6 1.04 (t, J = 7.4 Hz, 3H, CH,), 1.17 (t, 
J = 7.4 Hz, 3H, CH,), 2.54 (dq,J = 7.4, 5.8 Hz, lH, 
CH,), 2.58 (dq,J = 7.4, 5.3 Hz, lH, CH,), 2.71 (dq,J 
= 7.4, 5.3 Hz, lH, CH,), 3.15 (dq, J = 7.4, 5.8 Hz, 
lH, CH,), 7.47 ( t , J  = 7.8 Hz, lH), 7.73 (dd,J = 7.8, 
0.9 Hz, lH), 7.74 ( t , J  = 7.8 Hz, lH), 7.85 (dd,J  = 
7.8, 0.9 Hz, lH), 7.99 (dd,J = 7.8, 0.9 Hz, lH), 8.33 
(dd, J = 7.8, 0.9 Hz, 1H); IR (KBr) 1040 cm-1 (SO);  
MS (mk)  320 (M+); anal. calcd for C,,H,,OS,: C, 
59.96; H, 5.03. Found: C, 59.90; H, 4.79. 

1 -(MethyIsulf;nyl )- 9-(methyIthio)dibenzofuran 
( 2 4  
1,9-Bis(methylthio)dibenzofuran (100 mg, 0.38 
mmol) was oxidized with mCPBA (120 mg, 0.38 
mmol, assay 2 55%) in a manner similar to that de- 
scribed earlier to give 2d (97 mg, 91%); mp 141- 
143°C; 'H NMR (270 MHz, CDCl,) 6 2.58 (s, 3H), 2.82 
(s, 3H), 7.48-7.55 (m, 3H), 7.59-7.71 (m, 2H), 8.24- 
8.28 (m, 1H); IR (KBr) 1040 cm-I (SO);  MS (mk)  
276 (M+); anal. calcd for C,,H,,O,S,: C, 60.84; H, 
4.38. Found: C, 60.57; H, 4.36. 

Dibenzothiophene[l, 9-fgh][l, Sldithionine ( 5 )  

Thieno[2,3,4,5-Imn][9,1O]dithiaphenanthrene (246 
mg, 1.0 mmol), aminomethansulfinic acid (200 mg, 
1.8 mmol), and cetylammonium bromide (40 mg, 0.1 
mmol) were dissolved in a solution of THF and H,O 
(THF 40 wt%), and a NaOH solution (3.7 M, 20 mL) 
was added to the mixture. The solution was refluxed, 
and 1,3-dibromopropane (0.1 mL, 1.0 mmol in 30 
mL THF) was added slowly over a period of 2.5 
hours. The solution was refluxed for an additional 1 
hour, and then the solution was extracted with 
CH,Cl, (3 x 100 mL) after having been cooled. The 
extract was dried with MgSO,, and the solvent was 
evaporated. The residue was purified by column 
chromatography (silica gel, CH,Cl,) and by recrys- 
tallization (n-hexane) to give 5 (223 mg, 81%); mp 
88.5-89°C; 'H NMR (270 MHz, CDCl,) 6 1.94 (quint, 
J = 6.1 Hz, 2H, CH,), 3.25 ( t , J  = 6.1 Hz, 4H, SCH,), 
7.37 (t, J = 7.6 Hz, 2H), 7.78 (dd, J = 7.6, 1.3 Hz, 
2H), 7.82 (dd, J = 7.6, 1.3 Hz, 2H); I3C NMR (67 
MHz, CDCl,) 6 24.0, 36.5, 122.4, 126.3, 133.4, 135.1, 
137.3, 141.4; MS (mk)  288 (M+); anal. calcd for 
C,,H,,S,: C, 62.46; H, 4.19. Found: C, 62.51; H, 4.07. 

Dibenzothiophene[l, 9-fgh][l,S]dithionin 1- 
Oxide (6) 
Compound 5 (50 mg, 0.17 mmol) was dissolved in 
CH,C1, (50 mL), and the solution was cooled to 
- 20°C. To this solution, mCPBA (30 mg, 0.17 mmol 
in 30 mL of CH,Cl,) was added, and the solution was 
stirred for 1 hour. NH, gas was bubbled into the so- 
lution, and the white precipitate that had formed 
was filtered off. The filtrate was evaporated, and the 
residue was purified by column chromatography 
(silica gel, CH,Cl,:ethyl acetate = 1:l) to give 6 (50 
mg, 95%); mp 211.5-212°C; 'H NMR (270 MHz, 
CDCl,) 6 1.73-1.96 (m, lH, CH,), 2.08-2.27 (m, lH, 
CH,), 2.68-2.96 (m, 2H, CH,), 2.97-3.13 (m, lH, 
CH,), 3.42-3.60 (m, lH, CH,), 7.40 (t, J = 7.9 Hz, 
lH), 7.72 (t,J = 7.9 Hz, lH), 7.80 (dd, J = 7.9, 1.3 
Hz, lH), 7.87 (dd,J = 7.9, 1.3 Hz, lH), 7.95 (dd, J 
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= 7.9, 1.3 Hz, lH), 8.51 (dd,J = 7.9, 1.3 Hz, 1H); IR 
(KBr) 1029 cm-I; MS (mlz) 304 (M+); anal. calcd for 
C,,H,,OS,: C, 59.18; H, 3.97. Found: C, 59.15; H, 
3.93. 

I-(Ethy1thio)dibenzothiophene (1 lb) 
To a THF (25 mL) solution of compound 2b (200 mg, 
0.63 mmol), 0.126 M C,H,MgBr/THF (50 mL, 6.3 
mmol) was added dropwise. The solution was stirred 
for 3 hours and was then treated with water (5 mL). 
After evaporation of the solvent, the residue was ex- 
tracted with CH,Cl, (3 x 50 mL). The extract was 
dried with MgSO,, and then the solvent was evapo- 
rated. The residue was purified by column chroma- 
tography (silica gel, CH,Cl,) and then by preparative 
HPLC to give 1 lb as a colorless liquid (96 mg, 64%); 
'H NMR (270 MHz, CDC1,) 6 1.36 (t, J = 7.4 Hz, 3H), 
3.05 (9, J = 7.4 Hz, 2H), 7.28-7.53 (m, 4H), 7.65- 
7.73 (m, lH), 7.79-7.88 (m, lH), 9.09-9.18 (m, 1H); 
I3C NMR (67 MHz, CDCl,) 6 14.0, 27.9, 120.4, 122.3, 
124.1, 125.8, 125.9, 126.2, 126.6, 133.4, 133.8, 135.9, 
139.4, 140.5; MS (mk)  244 (M+). 

1-(Zsopropylthio)dibenzothiophene ( 1  lc) 
Compound 2c (174 mg, 0.5 mmol) was treated with 
0.5 M C,H,MgBr/THF (10 mL, 5 mmol) similarly to 
give l l c  as a light-yellow liquid (91 mg, 71%); IH 
NMR (400 MHz, CDCl,) 6 1.34 (d, J = 6.7 Hz, 6 H), 
3.47 (sept,J = 6.7 Hz, lH), 7.35 ( t , J  = 7.8 Hz, lH), 
7.42-7.50 (m, 2H), 7.51 (d , J  = 7.8 Hz, lH), 7.75 (d, 
J = 7.8 Hz, lH), 7.82-7.87 (m, lH), 9.27-9.33 (m, 
1H); I3C NMR (67 MHz, CDC1,) 6 23.0, 38.5, 121.7, 
122.4, 124.0, 125.9, 126.4, 126.7, 130.3, 132.5, 134.9, 
136.0, 139.6, 140.6; MS (mk)  258 (M+). 

'H-NMR Spectrum of Compound 2a in  D2S04 
'H NMR (500 MHz, D,SO,, DSS) 6 3.04 ( s ,  6H, CH,), 
7.59 (t, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 2H), 
8.18 (d, J = 8.0 Hz, 1H). 

'H-NMR Spectrum of Compound 2b i n  D2S04 
'H NMR (400 MHz, D2S04, DSS) 6 0.76 (t, J = 7.3 
Hz, 3H), 2.84 (q, J = 7.3 Hz, 2H), 7.12 (d, J = 7.9 
Hz, lH), 7.23 ( t ,J  = 7.9 Hz, lH), 7.31 ( t ,J  = 7.9 Hz, 
lH), 7.35 (d, J = 7.9 Hz, lH), 7.56 (d, J = 7.9 Hz, 
lH), 7.78 (d, J = 7.9 Hz, 1H). 

'H-NMR Spectrum of Compound 2c i n  D2S04 
'H NMR (400 MHz, D,SO,, DSS) 6 0.64 (d, J = 6.7 
Hz, 3H), 0.99 (d,J  = 6.7 Hz, 3H), 3.14 (sept,J = 6.7 

Hz, lH), 7.13 (d, J = 7.9 Hz, lH), 7.23 (t, J = 7.9 
Hz, lH), 7.31-7.38 (m, 2H), 7.56 (d,J  = 7.9 Hz, lH), 
7.81-7.87 (m, 1H). 

IH and I3C-NMR Spectra of Compounds 5 and 
6 in D2S0,  
IH NMR (270 MHz, D,SO,, DSS) 6 2.23-2.56 (m, lH, 
CH,), 3.03-3.16 (m, lH, CH,), 3.994.43 (m, 4H, 
CH,), 7.46-8.16 (m, 6H); I3C NMR (67 MHz, D,SO,, 
DSS) 6 40.2, 65.1, 122.1, 127.1, 128.6, 134.2, 134.4, 
147.7. 

Reaction of Compound la with Concd H2S0,  
Compound la  (50 mg, 0.18 mmol) was dissolved in 
concd H,SO, (1 mL), and the solution was stirred for 
5 minutes. Then the solution was poured into ice wa- 
ter. The solution was neutralized with NaOH solu- 
tion and extracted with CH,C1, (3 x 10 mL). The 
extract was dried with MgSO,, and the solvent was 
evaporated. The residue was purified by column 
chromatography (silica gel, CH,Cl, and CH,Cl,:ethyl 
acetate = 1:l) and preparative HPLC to give 4a (16 
mg, 34%) and 2a (28 mg, 53%); 4a: mp 194-196°C; 
'H NMR (270 MHz, CDCl,) 6 2.29 ( s ,  6H), 6.79 (t, J 
= 7.7 Hz, 2H), 7.24 (dd, J = 7.7, 1.1 Hz, 2H), 7.41 
(t, J = 7.7 Hz, 2H), 7.41 (dd, J = 7.7, 1.1 Hz, 2H) 
7.50 (dd, J = 7.7, 1.1 Hz, 2H), 7.64 (dd,J = 7.7, 1.1 
Hz, 2H); MS (mlz) 490 (M' -32); anal. calcd for 
C,,H,,S,: C ,  59.73; H, 3.47. Found: C, 59.61; H, 3.41. 

Reaction of Compound lb with Concd H2S0 ,  
Compound lb  (50 mg, 0.16 mmol) was treated with 
concd H,SO, (1 mL) for 5 minutes to give 4b (25 mg, 
84%); mp 142-144°C; 'H NMR (400 MHz, CDCl,) 6 
0.86 (t, J = 7.4 Hz, 6H), 2.63 (q, J = 7.4 Hz, 4H), 
6.73 (t, J = 7.7 Hz, 21H), 7.21 (dd,J = 7.7, 0.8 Hz, 
2H), 7.41 (t, J = 7.7 Hz, 2H), 7.41 (dd,J  = 7.7, 0.8 
Hz, 2H), 7.54 (dd, J = 7.7, 0.8 Hz, 2H), 7.67 (dd, J 
= 7.7, 0.8 Hz, 2H); MS (mk)  518 (M' - 32); anal. 
calcd for C,,H,,S,: C, 61.05; H, 4.03. Found: C, 60.89; 
H, 3.98. 

Reaction of Compound lc  with Concd H2S04 
Compound l c  (35 mg, 0.11 mmol) was treated with 
concd H,SO, (1 mL) for 5 minutes similarly to give 
4c (25 mg, 84%); mp 178-180°C; 'H NMR (270 MHz, 
CDC1,) 6 0.78 (d, J = 6.7 Hz, 12H), 2.87 (sept, J = 
6.7 Hz, 2H), 6.67 (t, J = 7.7 Hz, 2H), 7.17 (dd, J = 
7.7, 0.9 Hz, 2H), 7.41 (t, J = 7.7 Hz, 2H), 7.42 (dd,J 
= 7.7, 0.9 Hz, 2H), 7.57 (dd, J = 7.7, 0.9 Hz, 2H), 
7.70 (dd, J = 7.7, 0.9 Hz, 2H); MS (mlz) 578 (M+); 
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anal. calcd for C,,H,,S,: C, 62.24; H, 4.53. Found: C, 
61.60; H, 4.67. 

Reaction of Compound 2a with Concd H2S04  
Compound 2a (149 mg, 0.5 1 mmol) was treated with 
concd H,SO, (5 mL) for 1 hour. After identical 
workup, the residue was purified by column chro- 
matography (silica gel; CH,Cl, and then CH,Cl,:ethyl 
acetate = 1 : 1 for 2a, n-hexane for 4a and 8) to pro- 
duce 2a (136 mg, 91%), 4a (5 mg, 4%), and a trace 
amount of 8 [7]. 

Reaction of' Compound 2b with Concd H 2 S 0 ,  
Compound 2b (33 mg, 0.1 mmol) was treated with 
concd H,SO, (2 mL) for 10 minutes similarly to pro- 
duce 4b ( 17 mg, 60%) and 8 (7 mg, 16%). 

Reaction of Compound 2c with Concd H2S04  
Compound 2c (72 mg, 0.22 mmol) was treated with 
concd H,SO, (2 mL) for 30 minutes to give 4c (32 
mg, 54%) and 8 (10 mg, 20%). 

Reaction of'Compound 5 with Concd H2S04  
Compound 5 (50 mg, 0.18 mmol) was treated with 
concd H,SO, (1 mL) for 5 minutes. After identical 
workup, the residue was purified by column chro- 
matography (silica gel; CH,Cl, and then CH,Cl,:ethyl 
acetate = 1 : 1) to give 6 (46 mg, 86%). 

Reaction of Compound 6 with Concd H 2 S 0 4  
Compound 6 (25 mg, 0.08 mmol) was treated with 
concd H,SO, (1 mL) for 5 minutes to produce 6 (1 8 
mg, 74%). 

Photolysis of Compound l c  
Compound l c  (100 mg, 0.3 mmol) in 10 mL of ben- 
zene was irradiated with a 400 W high-pressure mer- 
cury lamp for 12 hours. After distillation of the sol- 
vent, the residue was purified by column 
chromatography (silica gel; CH,Cl,) and preparative 
HPLC, giving compound 4c in 45% (39 mg). 

Photolysis of Compounds la  and lb 
Compounds la and l b  were treated in a similar man- 
ner to that described earlier to produce 4a and 4b in 
1% and 17% yields, respectively. 

Themolysis of Compound l c  
Compound l c  (201 mg, 0.6 mmol) was placed in a 
Pyrex tube and heated at 400°C with an electric fur- 

nace for 15 minutes. The reaction mixture was ex- 
tracted with CH,Cl,. After purification by column 
chromatography (silica gel; CH,Cl,) and preparative 
HPLC, 1Oc was obtained in 87% (135 mg) yield to- 
gether with dibenzo[bc,fg][ 1,4]dithiapentalene 
(trace) and 8 (9%); 1Oc: mp 95-95.5"C; 'H NMR (500 
MHz, CDCI,) 6 1.80 (s, 6H), 7.22 (d, J = 7.7 Hz, lH), 
7.35 (d, J = 7.7 Hz, lH), 7.36 (t, J = 7.7 Hz, lH), 
7.49 (t, J = 7.7 Hz, lH), 7.59 (d, J = 7.7 Hz, lH), 
7.73 (d, J = 7.7 Hz, 1H); 13C NMR (125 MHz, CDCl,) 
630.9, 48.4, 117.7, 118.6, 120.5, 120.9, 127.5, 127.9, 
130.3, 130.5, 131.0, 138.4, 138.5, 139.3; MS (mlz) 256 
(M+); anal. calcd for C,,H,,S,: C, 70.27; H, 4.72. 
Found: C, 70.13; H, 4.65. 

Thermolysis of Compound la  
Compound la was treated in a similar manner to 
that described earlier for 90 minutes. After identical 
purification, 10a was obtained in 26% yield together 
with dibenzo[bc,fg][ 1,4]dithiapentalene (trace) and 
8 (7%); 10a: mp 118-119°C; IH NMR (500 MHz, 
CDCl,) 6 4.46 (s, 2H), 7.17 (d, J = 7.7 Hz, lH), 7.20 
(d , J  = 7.7 Hz, lH), 7.33 ( t , J  = 7.7 Hz, lH), 7.42 (t, 
J = 7.7 Hz, lH), 7.57 (d , J  = 7.7 Hz, lH), 7.72 (d , J  
= 7.7 Hz, 1H); MS (mlz) 227 (M+ - 1); anal. calcd 
for C,,H,S,: C, 68.38; H, 3.53. Found: C, 68.11; H, 
3.45. 

Themolysis of Compound lb  
Compound l b  was treated as described for l c  for 60 
minutes to produce 10b in 57% yield together with 
dibenzo[bc,fg][ 1,4]dithiapentalene (trace) and 8 
(8%); lob: mp 68-69°C; 'H NMR (270 MHz, CDCl,) 
6 1.67 (d, J = 6.9 Hz, 3H), 4.66 (q, J = 6.9 Hz, lH), 
7.20 ( d , J  = 7.9 Hz, lH), 7.21 (dd,J  = 7.9, 0.7 Hz, 
lH), 7.33 ( t , J  = 7.9 Hz, lH), 7.44 ( t ,J  = 7.9 Hz, lH), 
7.57 (dd, J = 7.9, 0.7 Hz, lH), 7.71 (d, J = 7.9 Hz, 
1H); I3C NMR (67 MHz, CDCl,) 6 25.1, 40.3 118.7, 
120.6, 120.7, 121.0, 127.7, 127.7, 129.3, 129.7, 130.9, 
133.5, 138.9, 139.2; MS (mlz) 242 (M+); anal. calcd 
for C,,H,,S,: C, 69.32; H, 4.13. Found: C, 69.12; H, 
4.65. 
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